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When it comes to container port efficiency, are all developing regions equal?
Introduction
About 80 percent of world trade is carried via maritime transport and consequently the performance of ports, being the most important gateways for international trade, is a key determinant of countries' competitiveness. Assessments of the level and evolution of port performance, if able to influence the adoption of public policies, can bring about sizable reductions in logistics costs. The need to reduce logistics costs is more acute in developing countries which as a group have a significant cost gap when compared to OECD countries. According to the World Bank' Logistics Performance Indicators (World Bank, 2014a) developing countries had a score of 2.41 in 2014 on a scale from 1 to 5, compared with 3.70 for OECD countries.
The last decades have witness a radical transformation of the shipping market with the emergence of the container as increasingly important transportation equipment. Even though containerized commercial services date from the 1950s, containerization only started to seriously affect global trade patterns and manufacturing strategies in the 1990s (Rodrigue, 2013) . The changes have been so profound that by 2009, over 90 percent of nonbulk maritime trade was shipped in containers across the world, shaping international trade among countries in all regions (Ebeling, 2009) . In recent years, developing countries have increased their role in the container maritime shipping market. These countries moved 35.7 percent of the world's container traffic in 2000 while ten years after their share reached 47.5 percent, despite accounting for 29 percent of the gross world product (World Bank, 2014b) . This growth was the result of deeper integration of supply chains, a notable increase in commodities trade, and higher volumes of import demand for capital and consumer goods. Although most of this expansion is a product of fast development in larger developing countries, such as China, India, Russia, and Brazil, small and medium-sized developing economies experienced a similar expansion. As an example, from 2000 to 2010, Bangladesh and Peru had container traffic growth rates of 197 percent and 233 percent, respectively, rates that rival those of China (217 percent) and Brazil (237 percent).
The impressive growth of container traffic handling in ports of developing countries coexisted with a large gap in the perception of port quality between developed and developing countries. According to the port quality perception indicator prepared by the World Economic Forum (2014), developed countries outperform developing countries by 5.5 to 3.7 on a scale from 1 to 7 based on a country average comparison, being Singapore (6.8) and Hong Kong (6.6) the top performers.
The evidence shows a strong negative link between port efficiency and transport costs. In Latin America, Wilmsmeier et al (2006) calculates that doubling port efficiency in a pair of ports has the same impact on international transport costs as halving the distance between them. Similarly, Clark et al (2002) found that improving port efficiency from the 25th to 75th percentile reduces shipping costs by 12% in this region. When it comes to shipping costs, the World Bank' Doing Business report (2013) shows much higher costs for exports by container in developing regions: USD1,283 in Latin America; USD1,787 in South Asia and USD2,108 in Sub-Saharan Africa, compared to USD1,070 in OECD high income countries (World Bank, 2013) . The cost comparison is similar for imports with values of USD1,676, USD1,968, USD2,793 and USD1,090, respectively. It is reasonable to assume that one port performance is a likely candidate to explain the observed cost differential.
Considering both the impressive traffic growth and the higher costs associated to ports in developing regions -together with the perception of a lower service quality-, it seems surprising the little knowledge available on the port performance in the developing world. The adoption of cost-effective policies aimed at improving port competitiveness requires good quality information in the form of benchmarks of performance indicators. Unfortunately, there are very limited comprehensive studies of the productivity and efficiency of container ports in developing countries, and what little is available is focused mostly on single countries or small geographic regions.
Relying on a unique dataset that covers the entire developing world between 2000 and 2010, this paper calculates the drivers of productivity changes among developing regions and identifies determinants of port efficiency. To the best of our knowledge, there is no study that analyzes the level of port performance, their differences and potential determinants across all the developing regions. This paper first looks briefly at port performance theory, including efficiency and productivity analyses. It then presents the available data and provides a detailed review of descriptive statistics by region, before turning to an examination of the productivity of container terminals in developing regions. The sources of differences in productivity between regions are then examined and an efficiency analysis is conducted. Finally, the paper puts forth some conclusions and policy recommendations.
Benchmarking Port Performance
Several port performance indicators have been used with the aim of improving port operations and providing useful information for port development planning and strategy. Talley (2006) defines these indicators as choice variables -i.e., variables that can be controlled by port management -for optimizing economic objectives. These indicators may assess port operations from different viewpoints (UNCTAD, 1976) . Some examples of the broad taxonomy used to measure performance include efficiency, productivity, utilization, and effectiveness indicators.
The port industry has mostly relied on the use of partial performance indicators because these metrics are simple to understand and easy to calculate.
1 These indicators describe waiting times, service or turnaround time, labor expenditure, capital equipment expenditures per ton of cargo, tons/TEUs 2 per ship hour in port or at berth, berth occupancy, and cargo handling revenues per ton of cargo, among other industry metrics. However, a port production function requires from multiple outputs and inputs. For this reason, the economic literature has evolved and increasingly focuses on total measures of port performance, that account for a mix of inputs used, technology to transform inputs into outputs, and the firm's productive scale. In this field, two different concepts stand out: efficiency and productivity.
Port Efficiency
Efficiency has been addressed by port-related literature from many different perspectives. Essentially, port efficiency analyzes established relationships between inputs (mainly a port's physical facilities and its labor force) and outputs (such as quantities or movements in ports). To that purpose, it is necessary to estimate a production or cost frontier -i.e., the set of maximum outputs given different levels of inputs or the set of minimum inputs given the different levels of outputs. In this context, the production frontier represents the optimal combination of inputs in a certain industry. Thus, a producer is considered inefficient if it operates beneath the frontier.
According to this literature, efficiency can be estimated as the gap between the position assigned to each observation -which depends on the relationship between its inputs and outputs -and the estimated best practices located on the production frontier. The construction of an efficient frontier has been addressed from two different approaches: parametric, with Stochastic Frontier Analysis (SFA), and nonparametric, with Data Envelopment Analysis (DEA).
3 Both methodologies have proven to be useful for conducting efficiency studies in that they provide valuable information on whether a port or terminal is employing its inputs appropriately, and thus making proper use of investments (Suárez-Alemán et al, 2014) .
As a nonparametric estimation, DEA revolves around a programming approach that does not assume a statistical function underpinning the data.
4 Table A1 in the Appendix reviews recent applications of the DEA method to port or terminal efficiency estimations. For its part, SFA represents a parametric approach that assumes the existence of a statistical function and allows for hypothesis testing. Since the initial works by Farrel (1957) , Aigner et al (1977) , and Meeusen and van den Broeck (1977) , this methodology has been constantly updated.
5
2 The TEU -twenty-foot equivalent unit -is a unit of cargo capacity of containers based on the volume of a 20-footlong intermodal container. 3 Coelli et al (2003) includes a detailed review of their different methodologies. 4 DEA was first developed by Charnes, Cooper, and Rhodes (CCR) (1978) . The authors assumed constant returns to scale, that is, all observed combinations can be scaled up or down proportionally (DEA-CCR model). After that, Banker, Charnes, and Cooper (BCC) (1984) allowed for variable returns to scale (DEA-BCC model).
5 Morales et al. (2013) explain the evolution of SFA methodology together with recent applications in the port sector.
Briefly, the equation that characterizes the technical efficiency within the SFA methodology is given by:
where y it is output and x it is a vector of inputs for each observation i and time period t. β is a vector of unknown parameters and α is a constant. The term τ(i) is a set of T time periods among existent time periods for which observations are available for the ith port. The term u it captures technical inefficiency and is assumed to be a one-sided independent and identically distributed random variable, while v it captures measurement error and random effects, and is assumed to be a two-sided independent and identically distributed normal N(0,σ v ) variable. Following Battese and Coelli (1995) , a one-stage model may incorporate the explanatory factors of technical efficiency by fitting a conditional mean model to u it in the estimation:
where z it is a set of explanatory variables associated with technical inefficiency over time, δ is a vector of unknown parameters, and w it is defined by the truncation of a normal distribution with mean zero and standard deviation σ 2 . Once the assumptions are set, technical efficiency in each observation can be computed by comparing the observed output in each firm against the output if there were no inefficiencies of production. These estimates are calculated with the following equation: ( ).
TE it or technical efficiency is a variable ranging between 0 and 1, with the maximum value representing the technical efficiency frontier. Although the application of frontier analysis in the port sector is relatively recent, there are numerous studies that analyze port efficiency using SFA. Table A2 in the Appendix lists notable applications of the SFA method to port or terminal efficiency estimations over recent decades.
Port Productivity
The concept of productivity, used frequently to measure and compare the performance of firms, refers to the ratio of outputs over inputs. It analyzes how well a firm employs its input endowment to produce its outputs. Although productivity and efficiency oftentimes are used interchangeably, the former is comprised of a broader concept. Port efficiency, on the one hand, analyzes the ability of a port to obtain the maximum output under a given amount of inputs or through the use of the minimum amount of inputs under a given amount of outputs. Efficiency gains, therefore, represent a movement to a situation closer to optimal. On the other hand, changes in port productivity may be derived from efficiency gains or from changes in technology. In a production frontier context, this could be represented by an upward shift in the frontier over time, for example.
Ports commonly have different outputs (handling of containers, liquid, solid or break bulk, general cargo, etc.) and inputs (cranes, labor, terminal facilities, etc.). Thus, a simple ratio of an output over an input may not properly represent the reality of a port. We have to employ methodologies that account for all inputs required to produce one or more outputs, which is known as total factor productivity (TFP). A wide range of methodologies to determine TFP have been implemented in recent decades, mainly based on the use of market prices (e.g., price-based index numbers) or on the estimation of a production frontier.
6 This latter methodology allows for the decomposition of TFP into different components through panel data on different firms.
Malmquist DEA TFP decomposition -first implemented by Färe et al (1992) based on the productivity measure developed by Caves (1982) in the context of efficiency theoryrepresent a sound example in the estimation of a production frontier. These indices have been widely employed in port-related literature during the last decade. Table 1 shows a list of recent academic papers that cover several regions of the world. Although there are several examples of studies that follow a multi-country approach (Wilmsmeier et al, 2013; Cheon et al, 2010; Al-Eraqui et al, 2009) , to our knowledge there is no research that analyzes the productivity growth and its determinants of container terminals across all developing regions.
Malmquist Decomposition Index
Briefly, this index estimates TFP changes by calculating the ratio between the distances from two input combinations in two different time periods with a common technology. The Malmquist TFP change index between periods 0 (the base year) and 1 (the reference technology) is given by
, where ( ) represents the distance from the period 0 observation to the period 1 technology (Coelli et al., 2003) . 7 According to Färe et al (1992) , an alternative Malmquist TFP index is defined as the geometric mean of indexes referred to in these two different periods (reference technologies). That is,
] .
Alternatively, we could write the previous expression as follows:
] , where the expression in brackets represents the shift in technology between the two periods, and the ratio outside the brackets measures technical efficiency change. Thus, we may separate both components of productivity to better determine the source of TFP changes.
The DEA method allows for estimating the distance functions required for the abovementioned Malmquist TFP analysis. Moreover, the implementation of both constant returns to scale (CCR, from Charnes, Cooper, and Rhoades, 1978) and variable returns to scale (BCC, from Banker, Charles, and Cooper, 1984) allows not only for disentangling technology and efficiency changes, but, within the latter, disentangling pure technical efficiency and scale efficiency. In order to account for these two effects, the previous expression is modified by introducing BCC distance functions to obtain ( )
Thus, TFP change is finally formed as the multiplication of technological, scale, and pure technical efficiency changes:
, where  TFPCH = total factor productivity change and represents the overall change that may vary over time because of EFFCH or TECHCH;  EFFCH = efficiency change and represents the part of the productivity change due to the level of efficiency in performance, and may be decomposed into PECH and SECH;  TECHCH = technical change and represents the part of the productivity change due to technological modifications (a shift in the production frontier over time);  PECH = pure efficiency change and represents the part of the efficiency change due to pure efficiency considerations, once scale efficiency is removed;  SECH = scale efficiency change and represents the part of the efficiency change due to size: the scale efficiency is a measure of the degree to which a firm is optimizing the size of its operations (Coelli et al., 2003) .
To summarize, Figure 2 schematically shows the theoretical framework of the analysis.
Figure 2: Port Economic Performance Framework
Note: DEA = Data Envelopment Analysis; SFA = Stochastic Frontier Analysis; TFP = total factor productivity. Source: Prepared by the authors.
Data
This paper uses port data collected from various editions of the Containerisation International Yearbook (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , a publication that provides a detailed description of container terminal assets worldwide. The information is used to construct a database that spans 11 years, from 2000 through 2010, covering 70 developing countries, 8 203 ports, and 1,750 data points. To construct the database, we omitted ports that did not reach an annual container throughput of 50,000 TEUs over the 11-year period (representing 0.2% of total throughput in the sample). Moreover, terminal-level data were aggregated at the port level for comparative purposes. Altogether, our database is an unbalanced panel including most major ports in the developing world, representing roughly 95 percent of total container traffic in the developing regions.
We gathered port information on (1) annual container throughput, (2) total terminal area, (3) total length of berths, (4) number of mobile cranes with container-handling capacity, 9 and (5) number of ship-to-shore (STS) gantry cranes. 9 For each time period, we also identified ports that were privately operated, ports that had access to rail, and ports that were major transhipment hubs. In addition, we included country-level data that may affect port performance, including (1) data from the World Bank's World Development Indicators on per capita income (in constant U.S. dollars), GDP (in constant U.S. dollars), and trade openness (imports and exports as a share of GDP); (2) data from the United Nations Commission for Trade and Development (UNCTAD) on liner shipping connectivity, an index that measures the degree to which countries are connected to the global maritime shipping network; and (3) data from Transparency International for a measure of public sector corruption ranging from 0 (highly corrupt) to 10 (highly clean).
The developing world is far from being a homogenous group of countries with similar development challenges. Countries have different income levels, geography, and institutions, among many other different characteristics. We classified ports geographically according to the World Bank criterion to group developing regions based on income levels and location: Latin America and the Caribbean (LAC), Europe and Central Asia (ECA), the South Asia Region (SAR), sub-Saharan Africa (SSA), East Asia and the Pacific (EAP), and the Middle East and North Africa (MENA).
10 However, we also considered China as a separate region because of its large number of ports and their different characteristics relative to ports in other East Asian countries. A breakdown of ports by countries and regions is provided in Table A3 in the Appendix. Comparing total container traffic by region, China clearly dominates in terms of volume, having handled more than 130 million TEUs in 2010 (Table 2) , which represents 47 percent of the total TEUs moved in the developing world in that year. EAP follows with 45 million TEUs (16 percent). The smallest regions in terms of container traffic are SSA and ECA. However, in terms of the regions whose throughput grew over 2000-2010, ECA stands out with a compound annual growth rate of 17 percent. Despite ECA's strong throughput growth over the period, however, it was the developing region that clearly was most affected by the international financial crisis in 2008-2009, as reflected in the decline in its throughput growth rate during those years by 27 percent. Table 3 shows port statistics by region. Data patterns of note include China being a leader in stock of port infrastructure and in container throughput. China has average container traffic by port that is four times that in EAP and 12 times that in SSA. Moreover, a typical port in China has the highest number of STS gantry cranes, the longest berths, and the largest terminal areas. Table 3 also reveals significant port heterogeneity among the six remaining developing regions. EAP has more port infrastructure and annual throughput than ports in other regions. In part, this is driven by container transhipment hubs in countries such as Malaysia, Indonesia, and Thailand, but also by strong import/export traffic in a region that relies heavily on maritime transportation.
The average ports in SAR and MENA are quite similar in terms of container traffic (with roughly 750,000 TEUs). While MENA's transhipment around the Suez Canal helps increase its container traffic, a large share of its output is due to maritime trade from large economies such as Saudi Arabia and Iran. In turn, SAR is mostly represented by ports in India (10 of its 14 ports), along with ports in Pakistan, Sri Lanka, and Bangladesh. Even though SAR and MENA have comparable average throughput, SAR ports are smaller in area and have fewer berths and cranes.
LAC has the highest number (64) of ports in the sample and a variety of port sizes. Larger ports are located not only in the largest economies such as Brazil and Mexico, but also in transhipment hubs such as Panama and Jamaica. In LAC, average container traffic is comparable to that of ECA and SSA. However, in terms of assets, LAC lags behind the average port in ECA, which has a typical stock of port infrastructure that is twice as large. In this regard, LAC is in fact closer to SSA, a region that also has a variety of port sizes, with the largest in Nigeria and the smallest in Mozambique. Developing regions are also heterogeneous in terms of private sector ports operations. Table 4 shows that China has the highest share of ports that are operated by private sector or state-owned enterprises, followed by MENA and LAC. Roughly two-thirds of the ports in all three regions operate under a landlord port ownership model. SSA has the smallest proportion of private participation, at only 17 percent, while the overall developing world average is 52 percent.
Another aspect of port operations relevant to port productivity is rail access within a container terminal. Table 4 shows that SAR and SSA are better endowed in this regard, which can be in part explained by a historical tradition of rail infrastructure investment in former British colonies such as India, Sri Lanka, South Africa, and Nigeria, among other countries. Conversely, EAP has the least amount of ports with rail connections. With respect to transhipment hubs in the developing world, Table 4 reveals that most of these international hubs are concentrated in MENA, EAP, and LAC.
11 In fact, most are located in countries such as Malaysia, Indonesia, Sri Lanka, Egypt, and Oman, and in Caribbean countries. In contrast, no port in ECA or SSA was a major transhipment hub over the 2000-2010 period.
Productivity Analysis of Container Terminals is Developing Regions
This section analyzes TFP changes in container terminals in developing regions. In order to use a required balanced panel for DEA estimations, we have considered ports with input and output data over the period from 2000 to 2010. Following the theoretical framework introduced in Section 2, Table 5 shows the results derived from a DEA Malmquist analysis of TFP changes by region. Note: LAC = Latin America and the Caribbean; ECA = Europe and Central Asia; SAR = South Asia Region; SSA = sub-Saharan Africa; EAP = East Asia and the Pacific; MENA = Middle East and North Africa; TFPCH = total factor productivity change; EFFCH = efficiency change; TECHCH = technical change; PECH = pure efficiency change; SECH = scale efficiency change. Source: Prepared by the authors. Table 5 shows the TFP changes and their components. The analysis is carried out in terms of means and medians in order to account for possible heterogeneity within regions' TFP changes. Indeed, this heterogeneity is certainly observed in EAP, where the mean differs widely from the median. According to the mean, the region improved its productivity by 97.46 percent during the decade, while the median shows a decrease in productivity of 13.87 percent. This is explained by the Tanjung Pelepas port (Malaysia), which is recognized as the world's fastest growing port, with close to 1 million TEUs in its first operational year (from October 1999) and with growth of about 770 percent over the period.
12 Thus, the analysis in terms of median seems the most appropriate in terms of taking into account the existence of such cases.
Taking into consideration the median container terminal, there is a wide variation between regions. It is clear that developing regions did not behave similarly over the last decade. We go from cases with remarkable productivity gains -such as China (99.02 percent), MENA (93.17 percent), ECA (50.70 percent), SAR (38.55 percent), and SSA (38.57 percent) -to regions with practically zero growth (LAC, 5.44 percent) or even declining growth (EAP, -13.87 percent). The results for these two latter regions improve significantly if accounting for the mean instead of the median terminal, pointing again to the high level of heterogeneity among those regions, with some ports advancing far more than others.
With respect to the TFP decomposition of the median terminal, we could distinguish between Asian terminals (EAP and SAR), where the main source of productivity is technical change, and other regions where efficiency constitutes the main driver of productivity changes. Among the latter category, there are regions where pure efficiency change is the main force (China, LAC, MENA, and SSA) and those where efficiency changes are explained by the scale efficiency component (ECA).
The Source of Differences in Productivity
According to results above, it is clear that regions are different in terms of productivity. Considering these remarkable differences between regions, it is reasonable to analyze the evolution of TFP over the 2000-2010 period. Moreover, the decade was marked by an economic crisis that reduced the level of world throughput and might have affected the productivity of developing regions and their ports differently. In this section, we carry out a disaggregated analysis of the productivity changes. In order to account for timeframes that allow for productivity changes in terms of efficiency or technical changes, we have accounted for five different subperiods over the decade. Figure 3 graphically shows TFP evolution of the median terminal by region. The evolution of TFP clearly shows two different trends: pre-and post-crisis. Although some regions performed better than others after the 2008 downturn, they all experienced a decline. In general, most regions are above the number 1, which means productivity gains. However, the high level of heterogeneity among regions is quite clear, with productivity gains differing greatly. Since TFP may be decomposed into technical changes and efficiency changes, our empirical strategy is to analyze trends in these two components. Figure 4 and Figure 5 plot the evolution of technical change and efficiency change, respectively. The technical change in the median terminal by region shows that regions followed similar patterns. This result discards technical change as the main driver of productivity differences between developing regions. In this sense, all regions have experience similar technological changes, so productivity variances have to be necessarily explained by the efficiency component. This result highlights the importance of carrying out an analysis of efficiency changes as well as their determinants. The evolution of efficiency shows that the trends at the beginning of the 2000-2010 period are similar to that of productivity. The case of MENA is notable. The region experienced a great increase from 2000-2004, explained by the enormous increase in throughput of Saudi Arabian and Omani ports, without further infrastructure expansion. By the end of the decade, some regions had efficiency gains while others incurred losses. Since there is a relevant heterogeneity in the changes in efficiency over time, the differences in productivity shown in Figure 2 are explained mostly by efficiency rather than technical change. Therefore, assessing efficiency becomes crucial to determining the evolution of the productivity in container terminals in developing regions. To this end, Figure 6 and Figure 7 show the evolution of the two components of efficiency (scale efficiency and pure technical efficiency) by region over 2000-2010. With respect to scale efficiency, Figure 6 reveals two patterns converging into similar results (except for ECA, which underperforms at the end of the decade). The figure shows a certain level of homogeneity among container terminals in the developing regions. Therefore, scale efficiency may not be the most significant determinant of the variation in productivity. Figure 7 shows the evolution of pure efficiency over 2000 to 2010, revealing it as the real driver of productivity in developing regions. We find a high level of heterogeneity between changes in pure efficiency over the period.
The decomposition of the productivity changes enables us to acknowledge the key role of efficiency in explaining differences between regions. In other words, there have been productivity changes over the decade because efficiency changed. And efficiency varied among regions because of the pure efficiency component. Thus, by identifying the drivers of technical efficiency, we will be able to explain an important part of port productivity and the differences in that productivity between developing regions. This more detailed analysis of efficiency and its determinants is important for a clearer understanding of port productivity that can provide a foundation for port policy decisions by public authorities. To this end, the next section shows the results of a SFA that determines technical efficiency by port with the estimation of a production function controlling for variables that drive port demand and other port-specific variables.
Efficiency Analysis: The Stochastic Frontier
The Stochastic Frontier Analysis allows for a parametric estimation of technical efficiency in ports, as highlighted in Section 2. We used the SFA model to account for institutional and demand-side variables and to single out efficiency, and also to explain the impact of port and country characteristics on determining technical efficiency.
As a starting point for a container port production function specification, we base our model on Morales-Sarriera et al. (2013), Trujillo et al. (2013) , Cullinane and Song (2006) , and Liu (1995) . We assume that terminal area, berths, cranes, and gantries are infrastructure inputs required to handle containers. Moreover, we control production with a series of variables that determine maritime shipping demand:
These variables are defined as follows:
.
Q it is the container throughput (in TEUs) handled by port i in period t, which is the single output in the equation. As for the infrastructure inputs, A it is the total area (in square meters) of the container terminals in port i in period t; B it is the total length (in meters) of berths used for container handling in port i in period t; MC it is the number of mobile cranes owned by port i in period t; and GC it is the number of STS gantry cranes owned by port i in period t.
In this model, MC it and GC it are nonessential inputs, i.e., variables that can assume a value of zero, since container terminals might use a combination of mobile cranes, STS gantry cranes, or ships' cranes to move containers (i.e., only one of the three crane types needs to assume a positive value). In that case, a Cobb-Douglas production function does not have a solution, since the log of zero is unidentified. In our sample in 2010, 108 ports did not own either mobile cranes or STS gantry cranes, and 22 ports had no container cranes whatsoever. We employ the methodology proposed in Battese (1997) to estimate unbiased parameters in such cases: first, we created the variable GC it * defined such that GC it *=Max (GC it , DGC it ), where DGC it =1 if GC it =0 and DGC it =0 if GC it >0. This modified variable and its dummy that identifies the ports that own no cranes are used in the estimations. The procedure was repeated for MC it .
The equation also considers other variables affecting port throughput that are exogenous to ports (e.g., a demand-side variable). To this end, the production equation has the following other independent variables: ( ) represents real GDP growth in period t in the country in which port i is located; Connectivity it is a liner shipping connectivity index in period t in the country in which port i is located; and Trade it is trade openness (as a share of GDP) in period t in the country in which port i is located. These variables are known as proxies of the demand for port services in a country.
Two variables in our specification are binary variables that identify ports that operate as transshipment hubs and ports that have direct railway connections. First, Tranship i captures the transshipment effect: offloading and loading containers in transit at higher speeds using less port resources such as yard infrastructure, storage, and customs, and optimizing transit speeds. Second, Railway i controls for the productivity effect of a multimodal link within the port, reducing container yard time and improving container arrival and departure from the terminal.
Finally, we considered the variable Ships'Cranes it to control for those ports that use cranes mounted directly on ships to load and offload containers. According to Morales Sarriera et al. (2013) , the use of ships' cranes must be taken into account in port efficiency estimations because these cranes represent a port-exogenous asset that is fundamental for the productivity of terminals with little infrastructure (i.e., container ports that do not have any crane, or have just a few, but have a relatively high level of throughput). Therefore, we created the binary variable Ships'Cranes it that identifies whether port i at time t has throughput in excess of the highest possible capacity predicted by the use of all its cranes combined, and therefore uses ships' cranes for its additional container traffic. 13 13 We based our calculation on industry averages that indicate that a mobile crane does not exceed 25 TEUs handled per hour and the productivity of a STS gantry crane does not exceed 40 TEUs handled per hour. We assume that Moreover, we also introduced independent explanatory variables for the efficiency term. Therefore, in our model, u it , the error term that explains inefficiency, is determined by the following equation:
where Landlord it is a dummy that takes the value 1 if port i used a landlord ownership model in period t; Corruption it is the corruption index in period t in the country in which port i is located; and GDPpc it is income per capita in period t in the country in which port i is located (in constant U.S. dollars). Table 6 summarizes the maximum likelihood estimations of the equations described in the previous section. We estimated four different specifications: (1) a full translog model with control variables and an explanatory model for technical efficiency; (2) a translog that calculates the frontier without modeling the determinants of technical efficiency; (3) a reduced-form translog that only includes significant quadratic or interaction terms; and (4) a Cobb-Douglas model estimated with control variables.
Estimation Results
these cranes operate 16 hours a day, 365 days a year, and we consider that an upper bound of productivity in ports with less than 1.5 million TEUs in container traffic. Specifications (1) and (2) reveal the 14 coefficients associated with a translog production function. The direct impact of inputs on container throughput can be calculated with the marginal effect of adding a new unit of input; however, because of the quadratic and interaction terms, this effect cannot be interpreted directly from the estimation results. Due to variable returns to scale, the marginal effect also depends on input combination. We calculated the marginal effect for a port with an average input combination (Table 7) . Table 7 reveals that, for the average port, increasing berth length or the number of mobile or STS gantry cranes has a positive and statistically significant effect on production. The largest elasticity is associated with STS gantry cranes, which is significantly larger than the elasticity associated with mobile cranes -confirming that the higher productivity of the former is fundamental for large increases in output. The results also show that total length of berths is another fundamental variable for production because it is associated with a sizable elasticity. Total terminal area has a relatively lower and not statistically significant impact on container throughput. These results calculated for an average port are on the same order of magnitude as the constant elasticities in a Cobb-Douglas production function, shown in specification (4).
Two control variables associated with port demand used in specification (1) are positive and significant: economic growth and liner shipping connectivity. First, the coefficient associated with economic growth shows that countries with faster economic growth also demand more maritime shipping services in each port. Second, the variable connectivity controls for the total shipping lines connecting ports with other countries. The model reveals that this variable has a direct impact on port container throughput.
On the other hand, the variable trade openness is not significant in specifications (1) and (2), showing that total trade as a share of GDP does not translate into bigger ports in the countries in LAC, possibly because countries that are more open to trade have to rely on a network of big, medium, and small ports. Finally, another variable used in all the specifications is the linear trend (positive and significant), revealing an improvement in port productivity over time.
Another interesting analysis derives from adding the binary variable ships' cranes to the model, which has a positive and significant effect. The interpretation of the coefficient in terms of the log transformed independent variable reveals that, in smaller ports with little infrastructure, ships' cranes accounts for over 60 percent of their container throughput. According to Morales-Sarriera et al. (2013) , disregarding this dummy would cause a potential omitted variable bias in the model, affecting the estimated parameters and the efficiency results, especially in ports that rely heavily on the use of ships' cranes.
A similar analysis that uses a binary variable to identify ports that operate mainly transshipment traffic indicates that this type of traffic increases the productivity of a port by 65 percent due to the expedited nature of container transshipment. The coefficient is positive and statistically significant across specifications. In a similar analysis, the results reveal that multimodal ports (those that have a railway link) are also more productive. The positive and significant coefficient indicates that these ports can be 7 percent more productive, on average.
The full translog specification also shows the results obtained with a conditional mean model on technical inefficiency involving a set of explanatory variables. Among the four variables that we included, three were significant: port ownership type, corruption in the public sector, and time trend. The country-level variable of GDP per capita did not turn out to be significant.
The negative and significant relationship between technical inefficiency and landlord ownership shows that ports that operate in a landlord model -i.e., ports managed and operated by a limited liability company -tend to be more efficient. Second, the significance of the variable related to the perception of public sector corruption also indicates that ports located in less corrupt countries tend to be relatively more efficient. Third, the negative and significant relationship with a time trend means that ports in developing countries are becoming more technically efficient over time. Finally, the relationship with GDP per capita is non-significant, meaning that efficient and inefficient ports can be located in richer or poorer countries in the developing world.
All models estimated had a desirable higher variance of the disturbance term associated with technical efficiency than the variance of the random error (σ 2 u = 1.43 and σ 2 v = 0.35 in specification (1)). Therefore, the statistically significant lambda (λ) indicator reveals that most of the variation in production is due to technical inefficiencies, while a smaller portion of this variation is due to random external factors. Moreover, a likelihood ratio test comparing the fit of specification (1) with specifications (2) to (4) reveals that the latter specifications are nested within model (1), as shown in Table 6 . This is a strong indication that the unrestricted translog model fits the data better than the other three estimated models.
In summary, the results show a good overall fit of the estimation, showing that all inputs have positive effects on container throughput. The elasticity of STS gantry cranes in an average port is the largest among inputs. The most important control variables in the production function are liner shipping connectivity and economic growth, as well as the positive effect on productivity of transshipment traffic and multimodal accessibility. The model also included a significant and positive binary variable that controls the effect of port-exogenous input ships' cranes, still used in several ports in the developing world. Finally, the estimations revealed that private ownership of ports and corruption in the public sector are two institutional variables that drive technical efficiency.
Efficiency Analysis
A technical efficiency frontier was constructed with the results from specification (1). It reveals the distance between technical efficiency in each port and the frontier over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] (the results are presented in percentage points of the highest achievable efficiency in Table A4 in the Appendix). The average over the 11-year period is 54 percent and the standard deviation is 20 percentage points. The highest average efficiency in the sample is 85 percent, meaning that even the most efficient port has room to improve in terms of asset utilization. On the other end, the lowest efficiency ports achieved only 7 percent with respect to the frontier. Based on a regional analysis, Table 8 shows that technical efficiency ranged, on average, between 46 percent in ECA and 67 percent in China. Other than China, whose ports are significantly more efficient than those in the rest of the sample, technically efficient and inefficient ports can be found anywhere in the developing world. The least efficient port in each region ranges from 7 to 21 percent in average technical efficiency, while the more efficient port ranges between 73 and 85 percent.
LAC and SAR have average port technical efficiency of 55 percent, the second highest after China. The regions with the lowest average efficiency are ECA and MENA. The results also show the largest variation in port efficiency in EAP, with a standard deviation of 23 percent, explained by the big difference in efficiency between local ports and large transshipment ports. 
Conclusions
Container traffic in developing regions experienced annual growth rates close to 12 percent, on average. As the main gateways for international trade, ports are directly associated with competitiveness, integration, and logistics costs. The literature has demonstrated how improving port productivity has a direct impact on reducing port-related logistics costs, and therefore on trade and global competitiveness.
Using a TFP decomposition, this paper has shown that productivity growth rates over the 2000-2010 period varied widely in the developing regions. One might expect these differences to be due to the reliance on alternative technologies to handle container traffic. However, this paper has shown that technology is not the driver of the observed variance in productivity growth. We have observed how all the developing regions have experienced very similar behaviour patterns with respect to technological changes. In addition, the paper has revealed that developing regions behaved similarly in terms of scale efficiency -that is, the ability of ports to optimize the size of their operations -even during the international financial crisis. The most important determinant of port productivity, according to our results, was pure efficiency. This finding reinforced the need to carry out a detailed efficiency analysis to pinpoint technical efficiency per port and determine the drivers of port efficiency in the developing world.
The Stochastic Frontier Analysis production function estimation results reveal that infrastructure inputs (particularly berth length, mobile cranes, and STS gantry cranes) are important to predict the level of container throughput, but that the highest elasticities are associated with STS gantry cranes and berth length. In addition, a binary variable employed to identify ports that use ships' cranes was also significant in the results, revealing the importance of this exogenous asset to productivity in smaller ports. Most control variables related to port demand and other port characteristics had significant and positive coefficients in the estimations. These variables indicate that container ports in countries with faster economic growth and with higher liner connectivity have higher levels of predicted output. Moreover, ports that operate as transhipment hubs and have multimodal links also show higher rates of productivity.
The estimation of the efficient frontier reveals that no port in the sample of developing economies has reached an efficient input combination. The highest ranked port reached a technical efficiency score of 85 percent over 2000-2010. The results also revealed that there are ports that are very far from the frontier, with container traffic efficiencies lower than 10 percent. On average, ports in the sample had an efficiency level of 54 percent with respect to the frontier. Time series results show an upward trend for technical efficiency in developing countries, as it increased from 47 percent in 2000 to 57 percent in 2010. The cross regional analysis of results indicate differences in the level and evolution of technical efficiency, where some regions have substantially improved their efficiency ratios -such as ECA (a 73 percent increase), MENA (a 20 percent increase) or SSA (a 24 percent increase) -while some others have experienced moderate efficiency growth ratios -LAC, with a 14 percent increase -, low growth ratios -EAP, with a 3 percent increase -or even negative ratios -SSA, with a 2 percent decrease. It is worth highlighting that port technical efficiency within regions is highly heterogeneous, with notable standard variations: 22 percent in EAP, 17 percent in ECA, 20 percent in LAC, 21 percent in MENA, 18 percent in SAR and 20 percent SSA.
Analysis of the determinants of technical efficiency indicates that ports that are operated and managed by private companies are more efficient than those operated and managed by the public sector. Also, the perception of corruption in the public sector is a significant variable for determining port efficiency in each country. On the other hand, per capita income did not have any significant impact on the determination of efficiency.
In conclusion, the results show that ports in the developing world have varying levels of productivity and efficiency, regardless of the region or country in which they are located. Thus, ports in the developing world, and within countries themselves, should not be considered as homogenous units of production. Moreover, greater efficiency, which translates into higher productivity, is not directly linked to a single characteristic. We believe that a more thorough examination of the determinants of efficiency -especially by introducing variables related to port management and governance -is necessary to provide clearer policy recommendations. That said, the results of this paper provide evidence that some variables have sizable effects on ports technical efficiency: private sector participation in ports, the reduction of corruption in the public sector, and improvements in liner connectivity or multimodal links. Ports, 2000 Ports, -2010 
